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A TELECOMMUNICATIONS METHOD 

10 The present invention relates to a telecommunications method and, in particular, 

to a method for allocating calls to time slots. 

Time division multiple access (TDMA) frames can be used to transmit calls, the 
frames being divided into time slots and calls being allocated to a respective slot in a 
frame. The data for a call is therefore disiributcd over a number of slots of different 
frames. The GSM mobile telecommunications system uses TDMA frames to transmit 
calls between base stations and mobile stations in a cellular nc ..-<vk. I'uil rate calls are 
allocated entire slots of consccurivc TDMA frames. Half rate speech codecs have 
become available which can rely on slots of every second frame. The traffic handled 
20 by a base station can now be a mix of half and full rate traffic. To fully utilise the 
capacity of a base station, calls need to be judiciously allocated slots in a TDMA frame 
according to a slot allocation method. The allocation method should take into account 
the slots made available when calls arc completed and how calls can be reallocated to 
maximise the traffic which a base station can accept. 

25 

In addition to the frames being used as efficiently as possible, consideration also 
needs to be given to ensuring that full rate customers arc not compromised by the 
introduction of half rate customers, bearing in mind half rate calls occupying a slot will 
not preclude another half rate call being allocated to that slot, but will preclude a full 
30 rate call being allocated. The allocation scheme should provide fairness by ensuring that 
the probability of a full rate call being not allocated a slot, or blocked, is not 
significantly different than the probability of a half rate call being blocked. 
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In accordance with the present invention there is provided a telecommunications 
method including: 

transmitting calls on frames divided , n:o a plurality of time slots., full rate calls 
hct'ng allocated to respective ones of said .slots and up to two half rate calls being 
allocated to respective one* of said slots; 

reallocating said calls to said slots when one of said calls is completed if two 
half rate calls allocated to two of said slots can be allocated to one of said slots; 
reserving a last slot of said frames for full rate calls; and 
allocating a primage of half rate calls to said last slot. 

Preferably said percentage includes a first percentage of half rate calls allocated 
to said last slot when said last slot is empty, and a second percentage of half rate calls 
allocated when said last slot has been allocated one half rate call. The first percentage 
may be 60% and the second percentage 100%. 

Advantageously said percentage mny be determined on the basis cf the arrival 
rate of calls for transmission. 



The method may include allocating a half rate call to said iast slot with a 
20 probability p, which is a function of the arrival rare of full rate calls X, and half rate 
calls V 

The method may also include allocating a further half rate call to said lasr slot 
with a probability of p 2 after a first half rate call has been allocated to said last slot, said 
probability ^ being a function of X, and X, and N h where N> is the number of half .-ate 
calls which have been allocated slots. For eight slot TDMA frames, Pl may be 0.6 and 
p 2 may be 1.0. 

A preferred embodiment of the present invention is hereinafter described, by way 
30 of example only, with reference to the accompanying drawings, wherein: 

Figure 1 is a diagram of full rale speech frames being assigned to time slots; 
Figure 2 is a diagram of half rate speech frames being assigned to time slots; 



25 
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Figure 3 is a diagram of mixed traffic calls alloc-icrd to TDM A frames; 
Figure 4 is a diagram of a TDMA frame model for mixed craffic; 
Figures 5 16 9 arc graphs illustrating blocking performance for different 
allocation mcrhods; 

5 Figure 10 is a graph illustroting blocking performance for a preferred 

embodiment of an allocation method; and 

Figure 11 is a graph of full/half rate blocking ratios for the different allocation 
mcrhod and the preferred embodiment of an allocation method. 

10 The GSM system employs speech encoding methods which arc intended to 

minimise the amount of information transmitted and the bandwidth required because the 
system uses the radio frequency band which is a limited resource. Pulse code 
modulation (PCM) encoding needs 64 kbrt/s to be transmitted, whereas the data rate 
required for a full rate GSM speech codec is only 1 3 kbit/s, and in a half rate codec the 

15 data rate is 6.5 kbit/s. For a full rate speech channel or call, 8000 speech samples arc 
grouped into 20 msec speech frames of 160 samples each. After analog-to-digitaJ 
conversion these 160 speech samples arc encoded by 260 bits. Before transmission 
these 260 bits arc aror protected, and for this purpose the GSM system uses 
convolution*! encoding. After convolution^ encoding, each speech frame 2, as shown 

20 in Figure 1, consists of 456 bits. 



The GSM system uses a TDMA transmission method, with each channel placed 
in a separate lime slot 4 of a TDMA frame. Each group of 456 bits is distributed over 
8 time slots, 57 bits into each. This operation spreads out in time the bits to be 

25 transmitted, and improves the error correction performance of a convolutions! decoder. 
Each time slot contains 57 bits from two adjacent speech frames, a total of 114 bits, as 
shown in FiguTe 1. Each time slot 4, shown in Figure 1. is a part of 4.615 ms TDMA 
frame, also containing another 7 time slots occupied by other channels or calls. Thus 
each speech frame is spread over 8 frames or 37 ms. Figure 1 shows only one user's 

30 time slots. 

For a half rate speech channel or call each speech frame contains 130 bits, which 
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after convolutions encoding results in 228 biis. In order to hove similar ic full rate 
channel signal processing the bits from two adjacent speech frames are added, so each 
channel 8 and 10 has, after convolution encoding, speech fames 6 of 456 bits separated 
hy a tirr.c interval of one speech fame, as shown :a Figure 2. For this signal 
transmission it is not necessary to use lime slots 4 in every time frame, as for full rate 
channel. A half rate channel K only occupies a lime slot in every second time frame, 
leaving the empty time slots 6 for other half rate channels 10, as shown in Figure 2. 
Each group of 456 bits in a half rate channel, as in a full rate channel, is distributed 
over 8 time frames, but now only over odd or only over even time frames of 74 ms. 
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Mobile stations or terminals may have the capability to process calls at both the 
full rate and half rate. However, if a base station for a cell is equipped with half rate 
capability the terminals may operate in the half rate mode in that cell. The organisation 
of slots for full and half rate transmission is in accordance with GSM standards and is 
1 5 described in, Mouly M. and Pautct M., "The GSM System for Mobile Communications". 
France: Michel Mouly and Marie- Bcrnadctic Pautct, 1992. The GSM frame format, 
channels used and the components of a base station and mobile terminal arc described 
in the specification of International Patent Application No. PCT/AU94/00561. 

20 Mixing the traffic from the full and half rate sources can conceivably result in 

8 full rate calls being served. 16 half rate calls being served, or any feasible combination 
of these. Figure 3 illustrates a situation where a frame 12 has time slots 1, 4 and 7 used 
by three different full rate calls 14 and time slots 3, 5 and 8 used by first, second and 
third half rate calls 16, 18 and 20. In the succeeding frame 22, whilst time slots 1. 4 

25 and 7 continue to be used by the full rate calls 14, time slots 3 and 5 arc empty and 
time slot 8 is being used by a fourth half rate call 24. 

Whilst it initially appears that half rate calls will double the capacity of a GSM 
network, it needs to be borne in mind that not all existing GSM customers will move 
30 to the half rate system, particularly as a new mobile terminal handset is required. 
Furthermore, when a half rate call occupies a time slot, a full rate call cannot be 
accepted for that time slot and therefore from the point of view of full rate traffic, a half 
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rate call effectively takes up a complete time slot. When the List available time slot is 
occupied by a half rate call, a full rate call cannot be accepted and is effectively 
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blocked. 



For the purposes of evaluating the traffic performance of a mixed full and half 
rate ncrwork, the slot allocation described above can be represented as slots being 
allocated cither one full rate call or two half rate calls. With reference to the example 
of Figure 3, the full rate calls 14, as shown in Figure 4, arc considered as being 
allocated to full slots 1. 4 and 7, whereas the first and second half rate calls 16 ana .8 
arc considered to occupy only half of time slots 3 and 5. The third and fourth half rate 
cails 20 and 24 arc considered to fill both halves of time slot 8 because they utilise 
alternative frames 12 and 22. The boundaries between the eight slots 4 arc considered 
"stone wails", in the sense that a full rate call may never be placed across one of these 
walls. For simplicity, this model considers a single frame with no broadcast or control 
IS channels. For the examples used herein, the performance of different slot allocation 
methods is examined using the single frame model 30 illustrated in Figure 4. The 
description of the methods and the performance evaluation con. however, be extended 
to multiple frames 12 and 22 related lo different radio frequency carriers in the same 



cell. 
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Slots arc allocated or calls allocated to slots during a GSM call scr up procedure, 
as described in the specification \pf International Patent Application No. 
PCT/AU94/0O561. According to a random slot allocation method," a base station will 
perform the following as full and half rate. calls arrive: 
25 (a) in the case of full rate calls, choose at random one of the free full 

slots available, being careful to keep within the ".stone wall" boundaries. 

In ,hc case of half rate calls, choose or random one of the free 
half slots available. 



30 



As each call is completed, this leaves a full or half slot "hole", and there is no 
action taken by the base station at this point Hereinafter full slots that only have one 
half rate occupant will be referred to as "lone half slots. 
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According to a first fif allocation method, the eight 4 shiis j n the frame 30 arc 
permanently allocated ID numbers (say 0-7). iuich full slot may contain: (i) no calls 
[0J; (ii) a half slot (I J; (iii) two half slots \2] or tiv) a full slot [J|. To each of these 
possibilities, a numerical value is auached. as h;is been done in the square brackets. 

The allocation procedure of a base station then executes the following: 
(a) Each incoming half rate call is allocated to ;hc smallest 

ID-number full-slot (i.e. imaginary packing from the left hand side of 
the frame 30), with only 0 or I half rate calls currenriy there. 
10 (b) Each incoming full rate call is allocated to the smallest 

ID-number full-slot that is totally empty. 

S:rr. ilariy to the random allocation method, as each call leaves, it leaves a full 
or holt «Jo< hole, and there is no allocation action taken by the base station on call 
15 compIetKXi. 

A bey ft allocation method is more efficient than cither of the two previous 
methods, because it specifically targets the lone half slots that arc present in the frame, 
and eliminates these by adding to them any new incoming half rate calls. Frames arc 
20 more closely packed, providing more room for full rate calls. Specifically, the method 
is as follows: 

(*) Incoming fall rate calls arc packed from the left of the frame 30, 

exactly as described for the first fit allocation method, as calls arc 
allocated to the smallest ID numbered slot which is currently empty. 
-5 (b) The priority for incoming half rate calls is that they be allocated 

to a lone half slot, in order to effect maximum compression. If more 
than one is available, the one with the smallest ID numbci is filled. On 
the other hand, if none arc available, the call is allocated the smallest ID 
numbered empty slot which is empty. 

30 

Once again, no allocation action is taken upon call departure, and a hole remains 

behind. 
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A repacking allocation method is one of the most efficient methods of slot 
allocation, ami is almost identical to the best fit allocation method, excepi upon call 
completion or departure, the following occur> 

(a) When a Full rate col! departs leaving a full slot hole, no action is 

taken. 

When a half rale call departs, cither a full hole or half hole will 
remain. In the former case, no action is taken. In the latter case, if a 
lone half slot is being used, it is moved into the half hole. If not, no 
action is taken. 

Implementation of the repacking strategy can make use of inrraccll hand over 
procedures including repacking across different radio frequency carriers within the same 
cell. 



15 The repacking method ensures there is no more than one isolated half slot, and 

increases utilisation. The only essential difference between admittance criteria for full 
and half rate caJls is that when there arc Vn slots full, a half rate call will be admitted, 
whereas a full rare call will not. 

20 The repacking method can be altered by introducing a small amount of resource 

wastage, whereby half rate calls arc prevented from being admitted by the base station 
when 7V4 slots have already been allocated. The system will then behave similarly for 
both full rate and half rate traffic, ar the expense of lowering the half rate call 
utilisation. This modified allocation method can be referred to as repacking with 

25 perpetual half slot reservation (RPHSR). 

A further method is repacking with perpetual reservation (RPR). This method 
is the same as the repacking method except a full slot is always reserved for use only 
by full rate calls. This is not necessarily always the same slot but can be considered as 
30 being fhc last slot to be allocated. The admission of full rate calls will remain the same, 
whereas the admission of half rate calls is impeded, in the sense that half rate calls arc 
only able to use 7 of the 8 slots of the frame 30. The method has (he advantage that 
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it will cqu-ilisc the blocking of fuH rate calls with th:»t of half rare oils, as the Nocking 
probabilities for half rate colls is far smaller than that lor full rate calls, using the 
repacking method. 

The preferred embodiment of the present invention, described hereinafter, can be 
referred to as a repacking with random reservation (RRR) method. The RRR method 
is a further variation of the repacking method where a slot is reserved for full rate calls 
however the reserved last slot may be used by half rare calls under selected operating 
conditions. 



10 



According to the RRR method, if 7 slots arc filled, one full slot is empty and a 
half rate call arrives, then with probability p„ the call is accepted, and with probability 
(i-p.) the call is rejected. If 7 slots arc filled, and the reserved slot already contains a 
lone half slot, then with probability p,, the call is accepted, and with probability (1- Pj ) 
15 the call is rejected. 

The probability p, is set as a function of the arrival rates X, and X, for the rwo 
types of traffic, such that p, = ((k^XJ. For example, if the number of full rate arrivals 
is of an order of 10 or 100 smaller than half rate arrivals, a high value of p, is specified 
20 by the function. The method allocates a half rate call to the reserved slot depending on 
the arrival rates X, and X,. 

The probability p ; . on the other hand is associated with the event of already 
having admitted a half rate call into the reserved slot, and is a function of not only the 
25 arrival rates, but also of the current number fi h of half rate calls currently allocated slots. 
That b p 2 - ffXj.Xj.NJ. For csamptc. if many half rate calls have been allocated slots 
(large NJ and a half rate call attempts to use the reserved slot, it may be rejected 
because: 

^ w »'h a high number of half rate calls currently allocated, there is 

30 an increased probability that a half rate call will be completed, and 

therefore the current half rate call successfully admitted when a further 
attempt is made for admission. 



BNSDOCIO <AU 4S87496A_I_> 



- ro - 

' ' ; ,Inlf rarc c -' ;is : >PP C '" '« doniinaiing the system and in order 

:o equalise the service vf both half and full rarc customers, it is advisable 
to wait until the lone half slot in the rescned slot departs rhcrcby 
providing capacity for full rate customers. 

A base station may execute the RRR method by reserving the last slot and 
allocating half rate calls to that slot on the basis of Pl and P; by using a random number 
generator to generate a result which determines whether a half rate call is to be accepted 
or rejected. For example, if p, is sc. to Ik 0.6 and the random number generator is 
configured to generate numbers between 0 and I, if on attempted admission of a half 
rate call to the last slot, the random number generator produces a number equal , 0 and 
less than 0.6, that half rate call will be accepted, otherwise for any higher number the 
call is rejected or blocked. ITk same procedure car, be executed to determine admission 
of half rate calls to the last slot when another half rate call has already been allocated 
15 to the slot, this time using a value determined for p.. To simplify the procedure, p, can 
be set equal to 1 so that all half rate calls arc admitted to the last slot once a half rate 
call has already been allocated. This enhances utilisation of the last slot, as once a half 
rate call has been allocated to it. a full rate call cannot use the slot, but another half rate 
call can be allocated to the slot. 
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Blocking probabilities have been measured against a percentage of full rate 
traffic for each of the allocation method, and the results are illustrated in Fibres 5 to 
10. The blocking probabilities have been determined u.ing a Markov chain event 
emulation where a certain utilisation of frames is chosen and a large number of full and 
25 half rate call events are either admitted or rejected from the frames on the basis of the 
allocation methods. The probability that a call is blocked con then be determined from 
the results of the simulation for different levels of full and half rate traffic. For 
example, if the percentage of full rate traffic is M% then the percentage of half rate 
traffic is 20%. The Rgurcs display the full and half rate blocking probab.li.ies at both 
30 the 40% and 70% levels of utilisation. Utilisation ,s defined as the average number of 
occup,ed slots and, for a system where blocking probability is negligible, is given by- 



BNSDOCID: <AU 4587496A_L> 



1 1 

8u. 



TTic numerator represents 'he total demand on a base station in unit time, where 
\ is the arrival rate of full rate call* and k 2 is the arrival rate of half rate calls which 
according to the frame model 30 only occupy half , slot. In the denominator. 8 
represents the number of slots in a frame and « is the inverse of the call duration or 
holding time and is assumed to be the same for both full und half rare calls. The 
percentage of full rate traffic P F and half rate traffic P„ arc given by: 



and 



h . 



10 A slot allocation method for a base station can be varied by making appropriate 

adjustments to the existing software and/or hardware of ihe base station. 

Figure 9 provides- an insight info the ratio of full rate blocking to half rate 
blocking, at the two utilises. Figure 11 illustrate* the ratio of full rate to half rate 
15 blocking probabilities for the two utilisations for each of the allocation methods. 

The Figures illustrate that full rate customers will su ff cr relatively high Mocking 
probabilities compared to half rate customers, unless an efficient and fair slot allocation 
method is employed. The RRR method .of the preferred embodiment is the most 
20 efficient and fair slot allocation method as i, is able to keep the blocking probabilities 
almost identical for both full rate and half raic customers for most traffic mixes. If the 
■nival rates X, and X, arc unknown, it has been found that by setting Pl = 0.6 and p, = 
1. will give approximately equal blocking probabilities for both half and full rate calls. 
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THE CLAIMS DEFINING THE fNVENTlON ARE AS FOLLOWS: 

L A telecommunications method including: 

transmitting calls on frames divided into a plurality of time slots, full rate calls 
5 being allocated to respective ones of S3id slots and up to two half rate calls being 
allocated to respective ones of said slots; 

reallocating said calls to said slots when one of said calls is completed if two 
half rate calls allocated to two of sard slots can be allocated to one of said slots; 
reserving a last slot of said frames for full rate calls; and 
10 allocating a percentage of half rate calls to said last slot. 

2. A telecommunications method as claimed in claim 1, wherein said percentage 
includes a first percentage of half rate calls allocated to said last slot whem said last slot 
is empty, and a second percentage of half rate calls allocated when said last slot has 

15 been allocated one half rate call. 

3. A telecommunications method as claimed in claim 2, wherein the first percentage 
is 60%. 

20 4. A telecommunications method as claimed in claim 2 or 3. wherein the second 
percentage is 100%. 

5. A telecommunications method as claimed in claim I or 2 P wherein said 
percentage is determined on the basis of the arrival rate of calls for transmission. 

25 !fr 

6. A telecommunications method as claimed in claim 1 or 2, including allocating 
a half rare call to said last slot with a probability p, when said last slot is empty. 

7. A telecommunications method as claimed in claim 6, including allocating a 
30 further half rate call to said last slot with a probability of p 2 after a first half rate call 

has been allocated to said last slot. 
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8. A telecommunications method as claimed in claim 6 or 7, wherein said 
probability p 5 is a function of the arrival rate of full rate calls X, and half rate calls X,, 



9. A telecommunications method as claimed in claim 8 when dependent on claim 7, 
5 wherein said probability p 2 is a function of Xj and ^ and N k where N h is the number of 

r.nlf rate calls which have been allocated slots. 

10. A telecommunications method as claimed in any one of claims 6 to 9, wherein 
said probability has a value within a range of values, and said method includes 

10 generating a random value with said range and accepting a half rale call if said random 
value is less than or equal to said vaf'jc. 

11. A telecommunications method as claimed in claim 10, wherein said range is 0 
to 1. 

15 

12. A telecommunications method as claimed in claim 6. 7 or 1 1, wherein p, is 0.6. 

13. A telecommunications method as claimed in claim 7 or claims 11 or 12 when 
dependent on claim 7, wherein p 2 is 1. 

20 

14. A telecommunications method substantially as hereinbefore described with 
reference to the accompanying drawings. 

15. The steps, features, compositions and compounds disclosed herein or referred to 
25 or indicated in the specification and/or claims of this application, individually or 

collectively, and any and all combinations of any two or more of said steps or features. 



DATED this 4tb day of March, 1996 
30 TELSTRA CORPORATION LIMITED 
By its Patent Attorneys 
DA VIES COLLISON CAVE 
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ABSTRACT: 



A telecommunications method including transmitting calls on frames divided into 
a plurality of time slots, full rate calls being allocated to respective ones of (he slots and 
5 up to two half rate calls being allocated to respective ones of the slots, reallocating the 
calls to the slots when one of the calls is completed if two half rate calls allocated to 
two of the slots can be allocated to one of the slots, reserving a last slot of the frames 
for full rate calls, and allocating a percentage of half rate calls to the last slot. 

10 
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